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(54) SAW RESONATOR AND LADDER TYPE SAW FILTER USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a small 
capacitance by digging down portions existing between 
electrode fingers from a portion where the electrode 
fingers are provided, 

SOLUTION: A portion 10b between electrode fingers 12 
is dug down just for t2 in respect to a portion 10b where 
the electrode fingers 12 are formed. The t2 greater than 
'0' and formed by a technique such as reactive ion 
etching(RIE). By digging down the portion 10b between 
these electrode fingers 12, reducing action is generated 
in the value of an effective dielectric constant related to 
electrostatic coupling of the mutually adjacent electrode 
fingers 12. Namely, among the electric lines of force 
generated from an arbitrary electrode finger 1 2, the line 
passed through a piezoelectric substrate 10 is passes 
through the area of dielectric constant = 1, namely, in 
the air and the effective dielectric constant related to 
electrostatic coupling between the electrode fingers 12 
is lowered. As a result, even without extremely reducing 

the number of electrode fingers or opening length, electrostatic coupling between two terminals 
can be made into small value. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A SAW resonator, wherein a portion which consists between electrode fingers among 
the surfaces of a piezoelectric substrate is investigated compared with a portion in which an 
electrode finger is formed in a SAW resonator which has the structure which was formed on a 
piezoelectric substrate and has arranged two or more electrode fingers to finger cross form. 
[Claim 2] A rudder type SAW filter characterized by a SAW resonator arranged at a series arm 
being the resonator according to claim 1 at least in a rudder type SAW filter which is a rudder 
type filter which has arranged a SAW resonator to a series arm and a parallel arm, respectively. 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the rudder type SAW filter using the SAW 

resonator and this which have the electrode disposition of finger cross form. 

[0002] 

[Description of the Prior Art]The SAW resonator of a single port has the electrode structure 
which has arranged the N electrode fingers (N:2 or more natural numbers) 12 formed in the 
surface 10a of the piezoelectric substrates 10, such as lithium tantalate, from aluminum etc. to 
finger cross form, as shown in drawing 2 (1) and (2). Since it is a matter of the common 
knowledge to a person skilled in the art, it does not illustrate, but the antenna reflector of a 
required number is added. Since the equivalent circuit between terminal 14 and the terminal 16 is 
a series parallel circuit of an inductor and a capacitor as shown in drawing 2 (3), resonance 
frequency and antiresonant frequency appear in the characteristic of a SAW resonator. 
[0003] As shown in drawing 3 , the filter of composition of having connected two or more 
resonators (inside of a figure five pieces) (a figure i= 1, 2, 5) Resi to the rudder type is known. 
By making resonance frequency of the resonator (Res2, Res4) belonging to the series arm of this 
filter almost the same as that of the antiresonant frequency of the resonator (Resl, Res3, Res5) 
belonging to a parallel arm, The band pass type filter with which center frequency is located near 
these resonance thru/or the antiresonant frequency is obtained. Since it has the character in which 
the resonance frequency and antiresonant frequency of the SAW resonator shown in drawing 2 
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are comparatively near, the rudder type SAW filter of a narrow-band is obtained by using as each 

resonator Resi which constitutes the ladder type filter which showed it to drawing 3 . 

[0004] 

[Problem(s) to be Solved by the Invention]However, there was a problem that a limit was to 
make small electric capacity between the terminal (2 terminal electric capacity) in the 
conventional single port SAW resonator. That is, the electric capacity C between terminal 14 and 
the terminal 16 of the SAW resonator shown in drawing 2 is the following formula by the 
number of the electrode finger 12, and the overlap Ap of electrode finger 12 comrades which 
adjoins each other. [Equation l]C=kxApxN, however k are given according to a constant. Since 
double resonance will occur if the electrode finger number N is made small among the numerical 
values which appear in this formula, in the equivalent circuit shown in drawing 2 (3), it becomes 
impossible to express and a filter design becomes difficult. Actually, about 100 pairs of the 
electrode finger 12 are minimum numbers. Since energy propagation will be barred by the 
diffraction of surface acoustic waves if it is made small, the overlap Ap, i.e., the opening length, 
of electrode finger 12 comrades, the opening length Ap is required for lOlambda grade at least 
(lambda: wavelength of the surface acoustic waves belonging to a pass band). 
[0005]This invention is made considering solving such a problem as a technical problem, and it 
makes it the purpose to enable it to realize electric capacity smaller than 2 terminal electric 
capacity which was conventionally realizable, maintaining the electrode finger number N and the 
opening length Ap more than the lower limit. 
[0006] 

[Means for Solving the ProblemJIn order to attain such a purpose, this invention, In a SAW 
resonator which has the structure which was formed on a piezoelectric substrate and has arranged 
two or more electrode fingers to finger cross form, a portion which consists between electrode 
fingers among the surfaces of a piezoelectric substrate is investigated compared with a portion in 
which an electrode finger is formed. In a rudder type SAW filter which is a rudder type filter 
which has arranged a SAW resonator to a series arm and a parallel arm, respectively, this 
invention is characterized by a SAW resonator arranged at a series arm being a resonator 
concerning this invention at least again. 

[0007]Investigating a portion which consists here between electrode fingers is removing a 
dielectric (a part of piezoelectric substrate) which consists between electrode fingers. Therefore, 
in this invention, a dielectric constant concerning an electrostatic bond of the electrode fingers 
which adjoin each other will fall substantially compared with the former. A lower limit of 2 
terminal electric capacity realizable in this invention by this is lowered conventionally. In that 
case, the electrode finger number N and the opening length Ap can maintain to a value which is a 
grade which a problem accompanying double resonance, diffraction, etc. does not produce. 
[0008] 

[Embodiment of the Invention] Hereafter, the suitable embodiment of this invention is described 
based on a drawing. The same numerals are given to the composition which is the same as that of 
the conventional technology shown in drawing 2 and drawing 3 , or corresponds, and explanation 
is omitted. 

[0009]The SAW resonator concerning one embodiment of this invention especially the 
investigation t2 formed in the surface of the piezoelectric substrate 10, and its effect are shown in 
drawing 1 . The portion between the electrode fingers 12 with which being expressed with 10b 
adjoins the electrode finger 12 at this, and 10c are portions in which the electrode finger 12 is 
formed among a figure. In this embodiment, the portion 10b between the electrode finger 12 and 
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the electrode finger 12 is investigated only t2 to the portion 10c in which the electrode finger 12 
is formed. t2 is larger than zero, for example, can be formed with techniques, such as reactive ion 
etching (RIE). tl is the thickness of the electrode finger 12, for example, is taken as 0.08 lambda. 
Let the piezoelectric substrate 10 be for example, a 36-degreeLT board (specific-inductive- 
capacity epsilonr=42.7). 

[0010]Thus, in this embodiment, as shown in drawing 1 (1), the portion 10b between the 
electrode finger 12 and the electrode finger 12 is investigated. By this investigation, as shown in 
drawing 1 (2), an operation called the fall of the value of the effectual specific inductive capacity 
concerning the electrostatic bond of electrode finger 12 comrades which adjoin each other arises. 
Namely, since the portion 10b between the electrode finger 12 and the electrode finger 12 is 
investigated, What had passed through the inside of the piezoelectric substrate 10 when it was 
the former among the line of electric force emitted from the arbitrary electrode fingers 12 will 
pass along the inside of the field of specific-inductive-capacity =1, i.e., air, and the effectual 
specific inductive capacity concerning the electrostatic bond between the electrode fingers 12 
becomes low compared with conventional technology. As a result, it also enables ** not to 
reduce the electrode finger number N and the opening length Ap too much, but to make electric 
capacity between 2 terminals into a value smaller than before. 

[001 l]The result of the experiment which the artificer conducted is shown in drawing 1 (3). As 
shown in this figure, when t2=0, i.e., the electric capacity between 2 terminals in the structure of 
conventional technology, was expressed as C, when it was t2=0.031ambda, when it was 
t2=0.071ambda, the electric capacity between 2 terminals has been reduced to 0.68C to 0.82C. 
[0012]Thus, according to this embodiment, compared with conventional technology, the small 
electric capacity between 2 terminals is realizable. By using this, it becomes possible to realize 
the filter of the characteristic which was not able to be realized if the electrode finger number N 
or the opening length Ap was not reduced too much conventionally. For example, if a ladder type 
filter tends to realize as with the center frequency of 1.8 GHz and a pass band width of 30 MHz 5 
pole band-pass filter was shown in drawing 3 , 2 terminal electric capacity of the resonator which 
belongs the electric capacity between 2 terminals of the resonator belonging to a parallel arm to 
3-4 pF and a series arm needs to be 0.5-1.0 pF. In conventional technology, in order to obtain the 
SAW resonator which has 2 terminal electric capacity of 0.5 pF, when making the electrode 
finger 12 into 100 pairs, the opening length Ap had to be made into the small value 6.33 lambda. 
On the other hand, in this embodiment, 2 terminal electric capacity of about 0.5 pF can be 
obtained, maintaining the opening length Ap to lOlambda grade. 
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